Abstract: As homework, a total of 32 seventh grade science-gifted students were asked to observe the moon at daily intervals for one month duration. They were also asked to take the photos and to record relevant variables in a given format. The purpose of the task was to investigate what students thought, as they observed the moon. The results show that students paid attention mainly to the position of the moon relative to other variables such as the date in the lunar calendar, the observer's position on the earth, and the position of the sun. Overall students' response implied that students did not observe the lunar phase in relation with relevant variables. Some reponses from students show common misconceptions such as the cause of the lunar phase to reflect the shadow of the earth. However, some responses reveal students' idea that has been rarely reported in the previous researches. For example, some students drew the moon to revolve in the opposite direction. Significant number of students drew the sun's position to be due west before the full moon and due east after the full moon. Few students recognized the relation between the time of observation and observer's position on the earth. The results of current research suggest that not only the education but also the research needs to be expanded to consider informal environment such as the actual field conditions.
Introduction
A scale of any phenomena in astronomy is huge in time and space. Every phenomenon takes place outside in the sky and it takes long time for an observer on the earth to find any pattern. A pattern in the lunar phases can be observed in a relatively short time and used as one of the first topics introduced in textbooks, making the lunar phases to be the foundation to other astronomical phenomena. Therefore, research on the lunar phases is quite active in science education.
Research on students' understanding of the lunar phases is most active, revealing similar misconceptions for students with different ages and pre-service teachers (Chae, 1996; Kim and Lee, 1995; Kim and Park, 1997; Myeong, 2001; Philips, 1991; Stahly et al., 1999; Sung, 2008; Sung and Choe, 2008; Trumper, 2001; Trundle et al., 2002 Trundle et al., , 2007 . For example, the idea that earth's shadow caused the lunar phases was found to be the most common misconception in various research results (Trundle et al., 2002; Kim, 2006) . The earth's rotation or weather, cloud for example, have also been frequently mentioned as the cause of phase change. Some researchers reported that understanding the basic optics was closely related to understanding the lunar phases (Kim and Lee 1995; Kim and Park 1997) . Significant number of students did not understand relative position of sun-earth-moon, and had confusion between revolution and rotation (Kim, 2006; Lee et al., 2008; Sung and Choe 2008) .
Analysis on textbooks showed that a view from the earth and a view from the universe were mixed and used inconsistently (Chae 2009; Lee and Choe, 2008) . The text, figures, and activities of textbooks were inconsistent (Chae 2009) . It is also reported that the huge scale of the related objects, such as the relative size of the sun, the earth, and the moon or the long distance from the sun were not clearly explained *Corresponding author: ekkiim@nate.com *Tel: +82-2-880-7611 *Fax: +82-2-886-5262 causing more confusion (Lee and Choe, 2008) .
Various suggestions for textbooks or activities have been made to improve the understanding of the lunar phases. Some researchers tried to modify text, figures or activities (Chae 2008 (Chae , 2009 . Others suggested to add more accurate information about relative orientation of orbits of the moon and the earth to offer the basis to imagine relative position of the sun, the earth, and the moon in three dimensional space (Lee et al., 2008) . Some developed a lunar phase drawing module for students (Kim, 2006) . Because of the familarity and complexity, the lunar phase has also been used frequently to investigate the consistency in model construction, or explanation of a phenomena (Oh, 2006; Oh and Kim, 2006) .
The main tools to study students' understanding of the lunar phase in the previous researches have been an interview or written surveys. They were done inside the building using small models, text or figures printed on paper and guided by the researcher. On the other hand, it is well known that there is a gap between school science and students' experience in the field (Orion, 1993) . In this research, students were asked to observe and interpret the moon at the sky at daily intervals for one month duration. The research questions were then given as follows.
First, what are the important variables that students perceive when they watch the moon in the sky?
Second, how do students understand variables relevant to the lunar phase?
Research Method and Procedure
Research subjects Research subjects were 32 science-gifted 7th grade students enrolled in the G Education Institute for Gifted (GEI) in Seoul. Students did not have any lessons related to the lunar phase at the center. Their learning about the lunar phase consists of the formal education based on the national curriculum and any information through informal channel. Table 1 shows the related contents in the national curriculum.
Instrument and data collection
Because GEI is not a regular school, the classes are given on every other Saturday. In autumn semester, there was about one month period without class due to Chuseok, Korean Thanksgiving Day (August 15th in the lunar calendar). During this period a homework was assigned to students to observe and interpret the lunar phases. The homework was explained during class just before the holiday period and the detailed instruction was posted on the GEI's homepage again. Students handed in the assignment at the first class after the holiday period.
Students' assignment was basically to take pictures and keep the record using observation note ( Fig. 1 ) everyday. Observation note was developed by the authors and checked by three school teachers. The note has a picture to mark the position of the moon and the observer and spaces for the photo, date (solar Table 1 . Related contents in the national curriculum and lunar) and time. Using this note students kept the record of four variables, the lunar date, position of the moon around the earth, the position of the observer on the earth and the direction where the sun would be. The sun's direction was to be marked on the photo. Figure 2 shows an example of drawings done by students. Helpful tips to take photos including a list of proper time for each day were also posted on GEI's homepage. The task was to be done for one month and there was no limits in consulting with others or searching information through internet and other materials. 
Results
The assignment was announced on Sept. 11th in the class and on the homepage. It was due on Oct. 9th. Twenty students out of 32 students enrolled in science classes turned in their assignments. The results were evaluated in two ways. First, the number of students, who kept the record for each of the four variables, was counted. Second, student's idea was investigated using the patterns revealed in their records of four variables over several days.
Variables important to students
Considering all the related variables is not a simple task. Previous research shows that students of all ages have difficulties understanding the lunar phase. However, in this research no-response is interpreted as low interest of a student. The reasons for this interpretation are the following.
First, this activity was an assignment and enough time (one month) was given to finish it. Students had no limits in searching information or consulting other people. They were encouraged to call GEI for any questions. Therefore no response means students' interest to find proper answer was not very high.
Second, the teachers who reviewed the assignment agreed that the task would appear to be easy enough to the students so that they were willing to do the task.
Third, there was an activity report, which is done by participating students for every class or activity in GEI. Students said task was somewhat difficult, but covering an interesting subject that they were curious about and wanted to learn more. The difficulties reported were mostly about the taking pictures because it was night time and the moon was very far.
As mentioned before 20 students (62%) responded revealing relatively low interest in the lunar phase, although it is a familiar phenomenon. The number of days that photos were taken varies from 3 days to 20 days, and only 6 students (30%) recorded the required information for all four variables, the lunar date, the direction of the sun's position, position of the moon and the position of the observer. Table 2 shows the number of students who made record of each variable.
The variable with the most responses was the position of moon. The lunar date and the observer's position followed and the sun's position had the least responses. It is interesting that sun, the source of the light of this phenomena, and the position of the observer, who is the student him/herself, received the low attention among the 4 variables. It shows that students tend to consider the moon only when they watch the moon, and ignore other objects such as sun. This implies that many students do not consider the lunar phase as a phenomenon resulting from a combination of various variables, such as relative position of the earth, the moon, and the sun.
Student's understanding of variables relevant to the lunar phase
Students' drawings showed their ideas about the lunar phase. Some of them had been reported in the Fig. 2 . An example the sun's direction by a student on the photo. previous research articles. But there were significant number of ideas that were rarely reported, implying that student's own observation and interpretation are an area worth investigating. The responses for each variables are shown in Tables 3, 4 and 5. In these Tables, ideas that had been reported in the previous research are marked by *. Student's ideas revealed from their drawings of the sun, the earth, and the moon are described below.
The sun's position: Eight students marked the direction where the sun would be. The responses of students are described in Table 3 . Among them only one response is qualitatively correct. There are five other students who drew the sun on the bright side of the moon. But they tend to draw the sun located due west of the moon before the full moon and due east of the moon after the full moon, and the sun stayed above the horizon at all time. At the full moon one drew the sun above the moon another drew below. While most of the students think the sun is on the bright side of the moon, only two students have the sun at lower position than the moon.
The above result suggests a possibility that students see their photos as a collection of separate instances and fail to see the continuity between instances, which is worthy of further investigation.
One student have the sun on the dark side of the moon revealing a similar idea that the earth's shadow causes the lunar phases.
The observer's position: As mentioned earlier only half the students marked the observer's position on the earth. The observer's position can be derived from the time the photo was taken. Table 4 shows the students' responses. There are four students' whose responses show consistently correct markings.
Although most of the students drew the observer on the opposite side of the sun, the positions were not consistent with the time. For example, one student drew the observer on the same spot on the earth at eight different times. Two pictures among them are shown in Fig. 3 . The number of correct responses, 9 was also the highest (Table 5) . Students might find this part easier because the drawing used in the observation note was similar to the picture frequently used to explain the The sun is due west at the full moon 1 The sun is above the moon at the full moon 1 The sun is below the moon at the full moon 1 The sun is 45 o above due west until the full moon and 45 o below due east after the full moon 1
No pattern except the fact that the sun is below the moon 1
The sun is on the dark side of the moon except at the full moon, where the sun is below the moon* 1
Total number of students who responded 8 lunar phase. This familiarity might explain the high ratio of correct answers also. Two students drew the moon between the earth and the sun, which agrees with a well known misconception that the shadow of the earth causes the lunar phases. Comparing this picture with other pictures of these students confirms this misconception. In two other students' responses the moon is revolving clockwise, which is the opposite to the moon's revolution.
Conclusion and Suggestion
To investigate what students think when they watch the moon in the sky, a group of thirty two 7th grade science-gifted students were asked to observe and take photos of the lunar phases while recording relevant variables in a observation note for a month. Based on students responses, the authors conclude the following.
First, students did not pay much attention to the relevant variables influencing the lunar phase except the position of the moon. Students were asked to keep the record of four variables, the lunar date, the direction where the sun would be, the position of the moon, and the position of the observer on the surface of the earth.
No response is interpreted as low interest in that particular variable. The number of students who handed in their assignment was 20 out of 32 students, showing that the interest in the lunar phase itself is not very high. Among variables, the position of the moon received 15 responses out of 20 with 9 correct answers. The moon is the variable with the highest response among four. The number of responses for other variables are 12 for the lunar date, 10 for observer's position, and 8 for the sun implying lowest interest in the sun.
Second, students' drawings for relevant variables showed some of their understanding or misunderstanding regrading the lunar phase. Although the investigation was limited because of the low response ratio, recording over a period of time revealed some interesting results rarely reported in the previous research.
Some of the new findings regarding student's idea are the moon revolving in the wrong direction, the sun located either due west or due east of the moon, and no connection between the time of observation and the observer's position on the surface of the earth. Table 5 . Student's responses about the position of the moon (* marks the idea that had been reported in the previous researches.) Student 's responses about the position of the moon Number of students Correct response 9 Lunar phase is caused by the shadow of the earth* 2 The position of the moon moves in clockwise direction which is the opposite direction of the revolution 2 No pattern can be found 2 Total number of students who responded 15 Fig. 3 . The observer is on the same spot at different times.
These findings suggest that some of student's ideas are revealed in a particular context such as field observation. A well known misconception that the shadow of the earth causes the lunar phase has been found in current investigation, too. It has been well known that there is a gap between school science and the students' experience in the field. The field trips and other informal education have been encouraged to help closing the gap. The result of this research reveals some of the students ideas about the lunar phase that have not been reported. This leads to the possibility of an area in students' understanding which cannot be probed by the interview or written survey only. Therefore, not only the education but also the research needs to expand its area to explore students' understanding in the field and other informal educational environment.
